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Description 

Technical Field of the Invention 

[0001] This invention generally relates to a load indi- 
cating fastener, and more particularly, to an apparatus 
and method for visually representing the tensile strain 
in a fastener. 

Background of the Invention 

[0002] Fasteners are used in a wide variety of appli- 
cations, such as motors, railroad tracks, flange assem- 
blies, petrochemical lines, foundations, mills, drag lines, 
power turbines and studs on cranes and tractors. In 
many applications, achieving the proper fastener tight- 
ness (tension) and maintaining this tightness once the 
system is placed in service is problematic. As is known 
in the use of such fasteners, as force is applied to a por- 
tion of the fastener, e.g. a head of a bolt or the like, a 
load is applied to the fastener. As the fastener is tight- 
ened, this load increases to a maximum break point i.e. 
where the fastener breaks or its integrity is otherwise 
compromised. For various applications, optimal loads 
are known and/or are obtainable, but currently available 
methods and apparatus do not adequately enable reli- 
able and repeatable determinations thereof. 
[0003] Fasteners typically experience a loss of ten- 
sion when placed in service due to, for example, a vari- 
ety of in-service occurrences including: relaxation 
(thread embedment), vibration loosening, compressive 
deformation in the joint or flange, temperature expan- 
sion or contraction, etc. The loss of tension that results 
from these occurrences can cause premature wear in 
the assembly, leakage (in applications where the fasten- 
er is used for sealing), or catastrophic joint failure due 
to excessively high loads on other members of the as- 
sembly. In certain applications, knowledge of a fastener 
load (tightness), initially and over time, is desirable for 
avoiding the potentially dangerous consequences of a 
loosened fastener, such as slippage, wear, leakage and/ 
or possible failure. In other applications, for example 
when working with a plurality of bolts around a flange, it 
is important to evenly tighten the group of bolts. By uni- 
formly tightening a group of bolts or studs to an appro- 
priate load, and maintaining this load overtime, potential 
failures are less likely to be experienced. 
[0004] An apparatus and method is therefore needed 
to accurately tighten a fastener and to determine the ex- 
isting clamp load status. Because current fasteners do 
not reliably indicate the status of the tension in the fas- 
tener, users must often use cumbersome methods to 
check the tightness of each bolt, or simply re-tighten all 
of the fasteners regardless of whether such re-tighten- 
ing is needed. The retorquing (i.e. tightening) of a fas- 
tener, however, induces wear and strain in the fastener 
system from the friction, variations in nut condition, 
torque values, and the like. Furthermore, the applied 
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torque typically does not expose the bolt to stresses 
above the elastic range of the fastener, otherwise failure 
of the fastener may result. 

[0005] Various load indicating fasteners which ana- 

5 lyze and/or utilize the elongation of the tightened fasten- 
er to determine the existing clamp load status are 
known, and such fasteners differ greatly in structure as 
well as in the methods and apparatuses with which they 
are used. For example, the analysis of the strain (elon- 

10 gation) existing in the fastener may be conducted 
through the use of mechanical, electrical, optimechani- 
cal, ultrasonic methods and the like. See, for example, 
U.S. Patent No. 4,676, 109 issued June 30, 1987 to Wal- 
lace, U.S. Patent No. 5,388,463 issued February 14, 

15 1995 to Scott and U.S. Patent No. 2,600,029 issued 
June 10, 1952 to Stone each disclosing fasteners in- 
cluding various electronic measurement devices; U.S. 
Patent No. 4,899,591 issued February 13, 1990 to Kib- 
blewhite disclosing an ultrasonic load indicating mem- 

20 ber; and, U.S. Patent No. 4,823,606 issued April 25, 
1989 to Milecki disclosing a diaphragm transducer for 
sensing load. 

[0006] Typically, these methods are not usable by or- 
dinary workers. For example, electronic or ultrasonic 

25 methods for determining existing clamp load require ex- 
perienced operators, expensive equipment, clean sur- 
faces and records of preinstallation test values for each 
bolt or stud. Experienced operators must preform nu- 
merous calculations to obtain the clamp load, while 

30 compensating for deformations in the head of the fas- 
tener. Moreover, devices which require complicated 
electronics tend to add to the expense, maintenance 
and unreliability of the system. In addition, such systems 
may be adversely affected by shock and other extreme 

35 conditions. 

[0007] Some of the prior art devices include reference 
surfaces or points from which the relative displacements 
must be measured and analyzed. See, for example, U. 
S. Patent No. 4,428,240 issued January 31, 1984 to 

40 Schoeps and U.S. Patent No. 3,561 ,260 issued Febru- 
ary 9, 1971 to Reynolds. These systems generally re- 
quire skilled labor to use complicated and sophisticated 
measurement techniques. Moreover, instant visual in- 
spection of the load in a fastener is typically not possible. 

45 Additionally, the reference surfaces generally are ex- 
posed to the outside environment which often leads to 
outside forces affecting the system. 
[0008] Some other of the prior art devices include 
color indicators which denote the load changes within 

50 the fastener by changes in the color of the indicator. See, 
for example, U.S. Patent No. 3,987,668 issued October 
26, 1976 to Popenoe, U.S. Patent No. 3,823,639 issued 
July 16, 1974 to Liber and U.S. Patent No. 3,964,299 
issued June 22, 1976 to Johnson. These indicators re- 

55 quire interpretation of the color designation and only in- 
dicate when a load exists. Determination of intermediate 
load levels, or partial loosening of a fastener, is not pos- 
sible. Furthermore, because most fasteners are in-serv- 
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ice in an outdoor environment, variations in sunlight may 
restrict an inspector's ability to determine the specific 
color of the indicator. 

[0009] In general, the present inventor has found that 
mechanical mechanisms generally provide the most re- 5 
liable devices for sensing the load in a fastener. For ex- 
ample, UK Patent Number GB 2-265-954-B published 
May 31 , 1995 to Ceney discloses a load indicating fas- 
tener with a U-shaped load sensing unit. A first end of 
the load sensing unit is anchored to the fastener, while 
the apex of the member sits against an abutment within 
the fastener. A second end of the load sensing unit acts 
as an indicator by registering the toad on a scale. While 
this device has some utility in certain applications, over 
time, the device can become inaccurate and lose cali- 
bration. This loss of calibration has been found to be 
inherent in the design of the U-shaped sensing element, 
because as the element is continually strained, its cali- 
bration characteristics are inherently affected. Thus, af- 
ter a number of cycles, the U-shaped element may need 
to be replaced. In addition, temperature may effect the 
bending characteristics of this U-shaped element. Also, 
when attempting to match coefficients of linear expan- 
sion between the bolt and the U-shaped element, one 
is limited due to the fact that only a limited number of 
materials are sufficiently resilient to be used for this de- 
sign. Deformation of the sensitive U-shaped element al- 
so occurs with relatively small amounts of shock. The 
bottom of the U is in constant contact with the abutment 
and any shock will be transferred at the bottom of the U 
and tend to deform the U-shaped element causing it to 
lose calibration. 

[0010] Still other prior art designs use external indica- 
tors. For example, the Ceney patent, UK Patent Number 
GB-2-179-459-A, discloses an externally mounted 
mechanism for indicating the tightness of a fastener. 
This system includes a pin in the bore of the fastener 
that extends out of the end of the fastener, upon exten- 
sion of the bolt, the pin applies pressure to fulcrumed 
levers positioned perpendicular to the axis of the bolt. 
The levers, which are acted upon by a compression 
spring, are visible through a window in the cover. Due 
to the design of this system, and the complex arrange- 
ment of the levers, and position of the indicator window, 
the indicator components must be positioned on the out- 
side of the bolt, which in some applications is not pos- 
sible due to space restrictions. In cases where it is pos- 
sible to use such a configuration, the elements of the 
instrument may be susceptible to outside forces and 
damage. Upon damage, no convenient method exists 
to verify whether or not the unit is still calibrated. 
[0011] Because the prior art apparatuses and meth- 
ods are time consuming, skilled labor intensive, extend 
outside the fastener, subject to environmental condi- 
tions, unreliable, cannot operate at high temperatures 
and require expensive measuring equipment, a device 
is needed that, upon tightening of the fastener, indicates 
the amount of strain from the elongation of the fastener. 
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Thus, a need exists for a tension measuring or indicating 
device that is simple, easy to manufacture and inexpen- 
sive. Moreover, a need exists for a rigid, substantially 
internal and more durable system which will not experi- 
ence the aforementioned bending and decalibration 
problems and which allows accuracy (calibration) to be 
easily verified in the field. 

Summary of the Invention 

[0012] The present invention addresses the various 
long felt but yet unanswered needs created by the prior 
art devices and methods. While the way in which the 
present invention addresses these needs will be de- 
scribed in greater detail herein, in general, a nondeform- 
able element (or in some cases elements) is suitably 
configured and positioned within a fastener to amplify 
the deformation of the fastener as a load is applied to 
the fastener. 

[0013] The present invention provides an innovative 
method and apparatus for determining continuous, vis- 
ual clamp load status during tightening and throughout 
the life of a fastener according to the claims, which fol- 
low. In accordance with one aspect of the invention, a 
lever is connected at an internal pivot point of a car- 
tridge. One end of the lever rests upon an abutment 
within the fastener, while the other end serves as an in- 
dicator. As the fastener is tightened, the fastener will 
elongate causing the abutment to move away form the 
lever end. As the abutment moves, the lever rotates 
causing the indicator end to move relative to the visual 
scale which is calibrated to-indicate clamping force. If 
the fastener loses tension, the fastener will contract, 
thereby forcing the lever to rotate toward its original po- 
sition. 

[0014] In accordance with further aspects of the in- 
vention, assembly and calibration of the device requires 
the simple, inexpensive process of rotating a cartridge 
containing, for example, the lever and pivot. In accord- 
ance with still other aspects of the present invention, a 
performance indicator is provided to enable, for exam- 
ple, visual determination of the proper functioning of the 
device. To avoid wear from harsh conditions, the device 
can be partially or fully disengaged. To verify that the 
member is properly calibrated, the device can be par- 
tially disengaged and brought back to operating position 
slowly while observing movement of the indicator. 

Brief Description of the Drawing Figures 

[0015] Preferred exemplary embodiments of the 
present invention will hereinafter be described in con- 
junction with the appended drawing figures, wherein like 
numerals denote like elements and: 

FIG. 1a is an exemplary fastener without an applied 
load; 

FIG. 1b is an exemplary fastener experiencing an 
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applied load; 

FIG. 1c is a schematic diagram of a cut-away view 
of a portion of a fastener including a load indicating 
assembly in accordance with a first embodiment of 
the present invention; 

FIG. 1d is a schematic diagram of a cut-away view 
of a portion of the fastener of Figure 1c experiencing 
an applied load; 

FIG. 2 is a schematic diagram of a cut-away view 
of a fastener in accordance with a second embodi- 
ment of the present invention; 
FIG. 3 is a schematic diagram of a cut-away view 
of an alternative embodiment of a fastener in ac- 
cordance with the present invention; 
FIG. 4 is a schematic diagram of a cut-away view 
of another alternative embodiment of a fastener in 
accordance with the present invention; 
FIG. 5 is a schematic diagram of a cut-away view 
of still another alternative embodiment of a fastener 
in accordance with the present invention showing a 
fastener and abutting non-deformable members; 
FIG. 6 is a schematic diagram of a fastener in ac- 
cordance with a further aspect of the invention, 
wherein the load indication assembly Is contained 
in a cartridge which is inserted into a bore of the 
fastener; 

FIG. 7 is a schematic diagram of preferred compo- 
nents of a fastener, of the type shown in Figure 1c, 
but with the general load indicating device con- 
tained within a cartridge; 

FIG. 8 is a schematic diagram of a cut-away view 
of an alternative embodiment of the present inven- 
tion showing a fastener, non-deformable member, 
a pivot point, a locking device and a cartridge; 
FIG. 9 is a schematic diagram of a cut-away view 
of an alternative embodiment of the present inven- 
tion showing a fastener, non-deformable member, 
a pivot point and a cartridge; 
FIG. 10 is a drawing of an exemplary face of a pre- 
ferred cartridge useful in accordance with various 
aspects of the present invention; 
FIG. 11 is a cross-sectional view of the bushing/cov- 
er components of an exemplary cartridge useful in 
accordance with fasteners of the present invention; 
and 

FIG. 12 is an exemplary fastening key useful in ac- 
cordance with the present invention. 
FIG. 13 is a cross-sectional view of an alternative 
embodiment of the present invention showing a fas- 
tener, non-deformable member, a pivot point and a 
retaining mechanism. 

Detailed Description of the Preferred Exemplary 
Embodiment 

[0016] With momentary reference to Figures 1a and 
1b as is appreciated by those skilled in the art, when a 
force F is applied to a fastener 5, fastener 5 will exhibit 



an elongation which is proportional to the force (F) ap- 
plied. The elongation of fastener 5 adheres to Hooke's 
law, whereby the load is directly proportional to the 
change in length of fastener 5. For example, in Fig. 1a, 

5 an initial distance € 0 is defined between a Point A adja- 
cent the bolt head and a Point B located a predeter- 
mined distance from Point A on the shank. With refer- 
ence to Figure 1b, as a force F is applied, fastener 5 is 
elongated such that the distance between Points A and 

10 B (as shown in Figure 1 b) is greater than € 0 , namely, as 
depicted, the distance €between Points A and B. As 
those skilled in the art will appreciate, €- € 0 = A€ and A€ 
is proportional to F, where F is the force which is applied 
to fastener 5. 

15 [0017] As will be appreciated, A€, will vary depending 
upon the specific section of fastener 5 which is ana- 
lyzed. For example, the elongation in the upper portion 
of the fastener will tend to be different than that in the 
lower i.e. threaded portion of the fastener. However, 

20 within a given region, the percent elongation is substan- 
tially constant over that region. As will be described in 
greater detail hereinbelow, in the context of the present 
invention the percent elongation over the upper region 
of the fastener, such as shown in Figures 1a and 1b, is 

25 utilized in determining the load which is applied to the 
fastener. The present invention also provides continu- 
ous, visual clamp load status during tightening and 
throughout the life of a fastener, for example fastener 5. 
It should be appreciated however that other regions of 

30 the fastener may be evaluated in certain applications 
without departing from the scope of the invention. 
[0018] An apparatus and method according to various 
aspects of the present invention provides fastener 5 
which includes a substantially non-deformable member 

35 which is suitably positioned within fastener 5 to amplify 
the elongation of fastener 5 as a force is applied to fas- 
tener 5, such as is shown in Figure 1d. Fastener 5 is 
exemplified as a bolt in the drawing figures; however, 
fastener 5 may comprise any similar securing device ca- 

40 pable of elongation in response to an applied force. It 
should be appreciated that any fastener, for example, 
stud, pins, dowels and/or the like may incorporate as- 
pects of the present invention and the illustration of fas- 
tener 5 as a bolt should not be viewed in any limiting 

45 sense. 

[0019] In accordance with one embodiment of the 
present invention, as shown in Figure 1c and 1d, such 
amplification is enabled by pivoting non-deformable 
member 15 internally of fastener 5. In accordance with 

50 another embodiment of the present invention, such am- 
plification is enabled by the continuous mechanical am- 
plification substantially internally of fastener 5 by the 
movement of non-deformable member 15. In accord- 
ance with certain other embodiments of the present in- 

55 vention, for example as is shown in exemplary Figures 
2-5, such amplification is enabled by pivoting non-de- 
formable member 1 5 internally of fastener 5 wherein piv- 
oting non-deformable member 15 is directly or indirectly 
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affixed to fastener 5. In general, in accordance with var- 
ious aspects of the present invention, a nondeformable 
member is caused to move when a fastener is elongat- 
ed. As will be appreciated, in this context the term non- 
deformable member does not mean that the member is 5 
in fact necessarily nondeformable, but rather that the 
member is substantially not deformed as a result of fas- 
tener elongation. 

[0020] While the member may be of any configuration 
and positioned suitably to enable such movement, var- 
ious preferred embodiments of the invention will now be 
explained. 

[0021] With reference to Figure 2, a schematic dia- 
gram shows a cut-away view of one exemplary embod- 
iment of the present invention showing fastener 5 and 
non-deformable member 15. As shown, fastener 5 in- 
cludes an elongated, internal bore 4, which preferably 
extends from the top 6 of fastener 5 to a lower, internal 
point 7. Member 15 is attached within bore 4 about a 
pivot 8. A notched section 9 engages peg 2, which in 
turn effects movement of member 15 upon elongation 
of fastener 5. With reference to Figure 3, an exemplary 
schematic diagram of a cut-away view of an alternative 
embodiment of the present invention shows fastener 5, 
non-deformable member 15 and a locking hole 3 where- 
by a portion of member 1 5 engages locking hole 3 thus 
allowing non-deformable member 15 to amplify the 
elongation of fastener 5. With reference to Figure 4, a 
schematic diagram of a cut-away view of an alternative 
embodiment of the present invention shows fastener 5 
and hinged non-deformable members 15, 16. Non-de- 
formable member 15 rests against an internal surface 
of fastener 5 thus allowing non-deformable member 15 
to amplify the elongation of fastener 15. With reference 
to Figure 5, a schematic diagram of a cut-away view of 
an alternative embodiment of the present invention 
shows fastener 5, a spring 40, non-deformable member 
15 and fulcrum member 17. Non-deformable member 
15 rests against an internal surface of fastener 5, while 
fulcrum member 17 balances non-deformable member 
15, thus allowing non-deformable member 1 5 to amplify 
the elongation of fastener 15. 

[0022] In accordance with one embodiment of the 
present invention, with reference to Figures 6-9, and 
specifically to Figure 6, fastener 5 is provided with a re- 
movable, easy to read tension indicating cartridge 11 
which continuously reflects clamp load status. While the 
manner in which the clamp load status of fastener 5 is 
determined is described in greater detail hereinafter be- 
low, in general, with reference to Figure 7, the stretching 
of fastener 5 rotates non-deformable member 1 5. An ex- 
emplary apparatus for indicating the clamp load status 
of a fastener 5 according to various aspects of the 
present invention comprises a non-deformable member 
15, a dowel 27 and a spring 40. As described in greater 
detail below, and with momentary reference to Figure 
1c and 1d, upon tightening of fastener 5, fastener 5 ex- 
erts pressure against datum rod 30 which exerts pres- 



sure against non-deformable member 15, thus rotating 
non-deformable member 1 5 about dowel 27 while a first 
end 17 of non-deformable member 15 provides a visual 
indication of the clamp load in fastener 5. 
[0023] With reference to Figure 7, exemplary non-de- 
formable member 15 suitably comprises any device and 
configuration capable of responding to stretching of fas- 
tener 5 and providing a visual indication of the clamp 
load in fastener 5. In accordance with a preferred em- 
bodiment of this invention, non-deformable member 15 
comprises a stainless steel device in a specific config- 
uration. An alternative embodiment of non-deformable 
member 15 comprises a material which has a similar 
composition as fastener 5, so as to allow non-deforma- 
ble member 15 and fastener 5 to embody equal coeffi- 
cients of expansion. Equal coefficients of expansion are 
extremely important for fasteners used in high temper- 
ature environments to allow uniform expansion and con- 
tinued accuracy of the device as temperature increases. 
[0024] With continued reference to Figure 7, non-de- 
formable member 15 preferably includes a first end 17 
and a second end 19, wherein the width of non-deform- 
able member 15 gradually increases from first end 17 
to second end 19. First end 17 suitably comprises any 
device capable of indicating a specific value. With mo- 
mentary reference to Figures 6 and 10, In accordance 
with a preferred embodiment of this invention, first end 
17 comprises a thin stainless steel piece that terminates 
in a point and forms a 90 degree angle upon exit from 
cartridge 11. First end 17 points toward the percentage 
load markings on display 60. Display 60 includes a rec- 
tangular slot 66 which allows first end 1 7 to exit cartridge 
11 and allows first end 17 to translate across display 60. 
[0025] With reference to Figure 7, second end 1 9 suit- 
ably comprises any surface capable of accepting a force 
and causing entire non-deformable member 15 to ro- 
tate. In accordance with a preferred embodiment of the 
present invention, a portion of second end 19 comprises 
a curved first extension 21 emanating from second end 
19. First extension 21 suitably contains an opening 28 
centered within first extension 21 . In the same plane as 
first extension 21 but on the opposite side of second end 
19, second extension 23 suitably emanates from sec- 
ond end 19. However, second extension 23 preferably 
emanates less than first extension 21, thus allowing first 
extension 21 to preferably rest within center recessed 
portion 36 of datum rod 30 while second extension 23 
preferably rests upon upper rim 38 of datum rod 30. An 
inlet 25 is formed between first extension 21 and second 
extension 23. Inlet 25 avoids contact with upper rim 38 
of datum rod 30, thus preventing unwanted wear of da- 
tum rod 30. 

[0026] With continued reference to Figure 7, exem- 
plary dowel 27 suitably comprises any device capable 
of forming an internal pivot point for non-deformable 
member 15. In accordance with a preferred embodiment 
of the present invention, dowel 27 comprises a stainless 
steel dowel. In a preferred embodiment, dowel 27 is re- 
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ciprocally received into opening 28 of non-deformable 
member 15, while ends of dowel 27 are affixed to car- 
tridge 11. Alternatively, dowel 27 is suitably fixedly at- 
tached directly to fastener 5. 

[0027] With continued reference to Figure 7, exem- 
plary datum rod 30 suitably comprises any device capa- 
ble of allowing rotation of non-deformable member 15 
and providing a contact point for second extension 23 
of non-deformable member 15. In accordance with a 
preferred embodiment of the present invention, datum 
rod 30 comprises a stainless steel dowel having a first 
end 32 and second end 34. First end 32 preferably in- 
cludes a centered recessed portion 36 surrounded cir- 
cumferentially by an upper rim 38. Second end 34 is 
preferably affixed at the bottom of the side walls of bored 
hole 9 in fastener 5. Attachment of second end 34 of 
datum rod 30 to fastener 5 is preferably accomplished 
by press fit. Upon exertion of a clamp load force, the 
attachment allows datum rod 30 to accurately translate 
the a desired percentage of the elongation of fastener 
5. In an alternative embodiment, an opening of prede- 
termined size can be drilled directly into the center of 
the bottom of bored hole 9, thereby allowing portions of 
bored hole 9 of fastener 5 to replicate the above de- 
scribed datum rod configuration. Datum rod 30 or con- 
figured bored hole 9 of fastener 5 can be any suitable 
configuration which provides an accurate translation of 
the elongation of fastener 5 and allows rotation of non- 
deformable member 1 5. In fact, for many alternative em- 
bodiments, specifically exemplary Figures 2,3,4,8 and 
9, a datum rod or a recessed portion at the bottom of 
bored hole 9 is not even needed. Inlet 25 also allows 
second extension 23 to be located horizontal to the pivot 
point at opening 28, thus reducing lateral movement of 
member 15 and consequently reducing wear on mem- 
ber 15. 

[0028] With continued reference to Figure 7, exem- 
plary spring 40 suitably comprises any device capable 
of providing tension against non-deformable member 
15. In accordance with a preferred embodiment of the 
present invention, spring 40 comprises stainless steel 
in a hardened condition. Spring 40 has a first end 42 
and a second end 44. First end 42 is affixed to cartridge 
11, or alternatively, directly to fastener 5. Second end 
44 rests upon and provides a force against non-deform- 
able member 15. This force maintains contact between 
second extension 23 of non-deformable member 15 to 
apply suitable pressure against upper rim 38 of datum 
rod 30, or alternatively, pressure against bottom of 
bored opening 9 of fastener 5. In a preferred embodi- 
ment, spring 40 is a return spring only and is not needed 
for any type of calibration. 

[0029] With reference to Figure 6, exemplary car- 
tridge 11 suitably comprises any device capable of sup- 
porting dowel 27, allowing rotation of non-deformable 
member 15 and capable of being installed into fastener 
head 7. In accordance with a preferred embodiment of 
the present invention, cartridge 11 comprises stainless 



steel pieces of sheet metal. Cartridge 11 includes a 
threaded rounded first end 50 with two parallel rectan- 
gular pieces of sheet metal affixed thereto and sur- 
rounding non-deformable member 15. In an alternative 
5 embodiment, first end 50 suitably includes a rod-and- 
slot arrangement or a spring-loaded connection, instead 
of a threaded engagement. First end 17 of non-deform- 
able member 15 extends beyond first end 50 of cartridge 
11, while second extension 23 extends beyond second 
10 end 52 of cartridge 11. Second end 52 of cartridge 11 
preferably includes a rectangular piece of sheet metal 
which is bent around first extension 21 of non-deforma- 
ble member 15. In alternative embodiments, cartridge 
11 can be any configuration such that cartridge 11 cen- 
ts tains non-deformable member 15 and cartridge 11 can 
be quickly and easily removably installed into fastener 
head 7. 

[0030] With reference to Figures 10 and 11, in a pre- 
ferred embodiment, visual display 60 is preferably af- 

20 fixed inside of rounded first end 50 of cartridge 11 , such 
that display 60 can be viewed from top of fastener 5. 
With reference to Figure 11 , 0-ring 80 preferably engag- 
es outside of first end 50 of cartridge 11. O-ring 82 pref- 
erably engages inside of first end 50 of cartridge 11, 

25 thereby supporting transparent cover 84. Transparent 
cover 84 provides suitable protection for visual display 
60. Snap ring 86 preferably engages inside of first end 
50 of cartridge 11 above transparent cover 84 to suitably 
secure attach transparent cover 84 inside first end 50. 

30 [0031] With reference to Figure 10, the percentage 
markings on display 60 are exemplary markings indicat- 
ing a proof load below the maximum proof load. Any 
fraction of this percentage can be used to indicate a frac- 
tional proof load. A "0%" exemplary marking 67 indi- 

35 cates some minimum load on fastener 5. A predeter- 
mined length of exemplary cartridge 11 will sufficiently 
respond to any substantially predetermined proof load 
(rating) below the maximum proof load. Thus, the rating 
will determine the location of a "100%" designation 66. 

40 The markings on display 60 may be any indication of 
proof load levels, such as colors, letters, symbols and/ 
or the like. 

[0032] As best shown in Figures 6, 7 and 10, before 
loading cartridge 11 into fastener 5, spring 40 suitably 

45 forces first end 17 of non-deformable member 15 to 
point to a measurement exceeding "100%" designation 
66 on display 60. Calibration of cartridge 1 1 occurs upon 
insertion of cartridge 11 into fastener head 7, thereby 
allowing for accuracy and simplification of manufacture. 

50 With reference to Figure 7, upon rotating cartridge 11 
into internally threaded bushings 54 of fastener head 55, 
second extension 23 of non-deformable member 15 
suitably compresses against upper rim 38 of datum rod 
30, thus moving first end 1 7 toward "0%" designation 67 

55 on display 60. Cartridge 11 is optimally calibrated upon 
first end 17 pointing at about "0%" designation 67, thus 
indicating that no clamp load forces are existing in un- 
loaded fastener 5. In other words, to calibrate cartridge 
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11, cartridge 11 is simply rotated into threaded head 7 
until a "0%" designation 67 is indicated by first end 17 
on display 60. With reference to Figure 12, rotation of 
cartridge 11 is further assisted by fastening key 70 of 
any suitable configuration. Fastening key 70 preferably 5 
engages the top surface of cartridge 11, thereby allow- 
ing leveraged rotation of cartridge 11. 
[0033] With reference to Figure 10, incremental mark- 
ings on display 60 suitably allow an indication of inter- 
mediate calibrations of cartridge 11. Suitably engaging 
cartridge 11 in various lowered positions within fastener 
5 enables the verification of the position of non-deform- 
able member 1 5 relative to display 60. For example, ten- 
sion (preload) statuses with a 25% designation 68a, a 
50% designation 68b, a 75% designation 68c, or any 
desired load are indicated. The ease of insertion of car- 
tridge 11 into fastener 5 increases the efficiencies for 
mass production of fastener 5, thus lowering production 
costs. Furthermore, the entire cartridge 11 , after rotating 
into head 7 of fastener 5, is preferably flush with head 
7 of fastener 5. Internally mounted cartridge 11 is less 
susceptible to damage by outside forces contacting fas- 
tener 5 and enables a device to be used where strict 
space restrictions prevent the use of an externally 
mounted system. 

[0034] Some of the components of cartridge 11 may 
be subject to wear or deformation during extreme con- 
ditions such as vibration and shock. With reference to 
Figure 6, the ability to easily rotate cartridge 11 into fas- 
tener 5 also allows cartridge 11 to be suitably disen- 
gaged by partially rotating cartridge 11 counterclock- 
wise. Disengagement of cartridge 11 preferably avoids 
any contact between second extension 23 and upper 
rim 38 of datum rod 30, thus preventing excess wear on 
second extension 23 during times of extreme conditions 
and prevents second extension 23 (the sensitive com- 
ponent) to be directly exposed to shock. With reference 
to Figure 10, exemplary displays 60 on cartridge 11 sur- 
face suitably designate the proper rotational degree re- 
quired to disengage cartridge 11 . The "ON" designation 
62 preferably indicates that non-deformable member 15 
is in contact with datum rod 30 and in position to meas- 
ure elongation of fastener 5, or alternatively bottom sur- 
face of bored hole 9, while the "OFF" designation 64 
preferably indicates non-deformable member 15 is not 
in contact with datum rod 30, or alternatively bottom sur- 
face bored hole 9. For example, the calibration, shock 
resistant and wear resistant features can be used with 
the aforementioned Ceney (UK Patent Number GB 
2-265-954-B published May 31, 1995) device or any oth- 
er similar load sensing device. 
[0035] With continued reference to Figure 10, a 
bumper 72 preferably emanates next to "ON" designa- 
tion 62 on display 60. Bumper 72 prevents fastening key 
70, as seen in Figure 12, from providing excess rotation 
of cartridge 11 beyond "ON" designation 62 position 
which could damage non-deformable member 15. Ad- 
ditionally, in the event that upper rim 38 of datum rod 30 



or second extension 23 become worn down, the accu- 
racy of calibration for cartridge 11 does not substantially 
change and only relative "ON" designation 62 and "OFF" 
designation 64 positions may slightly change. 
[0036] As an alternative embodiment for disengaging 
member 15, with reference to Figure 13, a retaining 
mechanism 125 can restrict member 15 in such a way 
that member 15 is not in substantial contact with base 
of bore 9 (or alternatively, substantially avoids contact 
with the rim of a datum rod). For example, these shock 
resistant and wear resistant features can be used with 
the aforementioned Ceney (UK Patent Number GB 
2-265-954-B published May 31 , 1 995) device or any oth- 
er similar load sensing device. 
[0037] Cartridge 11 may also be suitably rotated be- 
yond "OFF" designation 64 and temporarily fully re- 
moved from fastener 5 before fastener 5 experiences 
extreme temperatures or conditions (i.e. thermal radia- 
tion associated with power generation and blasts, en- 
gine operating temperatures, fire, etc.). Upon cessation 
of the extreme conditions, cartridge 11 can easily be ro- 
tated back into fastener 5 and recalibrated. 
[0038] With reference to Figure 6, cartridge 1 1 can be 
installed in all of the common fastener grades, including 
stainless steel and special alloys. As long as the drilled 
cross-section of bored hole 9 is larger than the smallest 
stress area (which in bolts is typically in the root of the 
threads), cartridge 11 will not reduce the proof load ca- 
pabilities of fastener 5. Fastener 10 is weakest at the 
point of minimum cross-sectional area, so although fas- 
tener 10 contains a bored hole 9, the bored hole 9 does 
not weaken fastener 10. Additionally, the structure and 
arrangement of non-deformabie member 15 and spring 
40 provide rigidity to bored hole 9. By providing rigid car- 
tridge 11 , the prior art problems of bending the indicator, 
and subsequent decalibration, are avoided. 
[0039] As best shown in Figures 1 and 7, as previous- 
ly discussed, upon tightening of fastener 5 containing 
cartridge 11, fastener 5 experiences clamp load strain 
and elongates according to Hooke's Law. The elonga- 
tion of fastener 5 exerts pressure against datum rod 30. 
Upper rim 38 of datum rod 30 consequently exerts re- 
duced pressure against second extension 23 of non-de- 
formable member 15, thereby moving first end 17 to- 
ward "100%" designation 66 on display 60. Upon loos- 
ening of fastener 5, fastener 5 experiences a reduction 
in clamp load strain and shortens in length. The short- 
ening of fastener 5 increases the pressure against da- 
tum rod 30. Upper rim 38 of datum rod 30 consequently 
increases pressure against second extension 23 of non- 
deformable member 1 5, thereby moving first end 17 to- 
ward "0%" designation 67 on display 60. 
[0040] As an alternative embodiment, cartridge 11 
can be attached to a pneumatic tightening tool, thereby 
allowing for auto shut-off before over-tightening. Car- 
tridge 11 can also be attached electronically to a remote 
sensor for automated monitoring of the clamp load sta- 
tus of a large number of fasteners 5. 
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[0041] In accordance with a further embodiment of the 
present invention, a fastener system 90 with an internal 
pivot point 96 is shown with reference to Fig. 8. In ac- 
cordance with this embodiment, a lever 92 is suitably 
positioned within a cavity 94 located within fastener 1 00. 
As shown, upon elongation of fastener 100, locking Inlet 
98 causes lever 92 to pivot about a point 96. 
[0042] I n accordance with another embodiment of the 
present invention, a fastener system 104 with an internal 
pivot point 108 is shown with reference to Fig. 9. In ac- 
cordance with this embodiment, a lever 110 is suitably 
positioned within a cavity 112 located within fastener 
106. Lever 110 is held in a fixed position by springs 
114,116. As shown, upon elongation of fastener 106, le- 
ver 110 pivots about a point 108. 
[0043] It will be apparent to those skilled in the art, 
that the foregoing detailed description of a preferred em- 
bodiment of the present invention is representative of 
an apparatus and method for indicating a clamp load 
within the scope of the present invention as defined by 
the claims. Further, those skilled in the art will recognize 
that various changes and modifications may be made 
without departing from the scope of the present inven- 
tion. For example, spring 40 may suitably be replaced 
with any configuration capable of providing a recoiling 
force against non-deformable member 15. Those skilled 
in the art will recognize that the invention is not limited 
to the specifics as shown here, but is claimed in any form 
or modification falling within the scope of the appended 
claims. For that reason, the scope of the present inven- 
tion is set forth in the following claims. 



Claims 

1 . An apparatus for displaying a visual representation 
of ongoing damp load or tensile strain in a fastener 
system, including a load-sensing member attached 
to the fastener and adapted to coact under load or 
strain with an abutment surface on the fastener, the 
fastener element (5) having an internal bore (4), the 
load-sensing member being positioned substantial- 
ly within said internal bore (4), one end of the load 
sensing member providing a visual indicator means 
and 

characterised in that the load sensing member 
comprises a non-deforming lever (15) being pivot- 
able to the fastener about a pivot (8,27,96,108) po- 
sitioned within the bore so as to be urged to rotate 
in response to elongation of the fastener under ap- 
plied load or strain, with one end of the lever resting 
upon the abutment surface and the other end pro- 
viding a visual indication of the clamp load in the 
fastener (5). 

2. The apparatus of claim 1, wherein said apparatus 
comprises materials having a same coefficient of 
thermal expansion. 



3. The apparatus of claim 1 or claim 2, further com- 
prising a cartridge (11) for supporting said internal 
pivot, thereby allowing rotation of said non-deform- 
ing lever (15). 

5 

4. The apparatus of claim 3, wherein said cartridge 
(11) has a mechanism to engage, partially engage, 
disengage or partially disengage, said non-deform- 
ing lever (1 5) into or from said fastener element (5). 

10 

5. The apparatus of claim 3 or claim 4, wherein a dis- 
play (60) indicates degree of rotation of said car- 
tridge (11) required for elimination of contact be- 
tween said non-deforming lever (15) and said fas- 

15 tener element (5). 

6. The apparatus of any of claims 1 to 5, wherein said 
apparatus is entirely enclosed within said fastener. 

20 7. The apparatus of any of claims 1 to 6, wherein said 
apparatus communicates with a pneumatic tool, or 
a remote sensor. 

8. The apparatus of any of claims 1 to 7, wherein the 
25 non-deforming lever (15) is urged to move about its 

pivot by means of a spring (116, 125). 

9. A method of displaying a visual representation of 
ongoing clamp load or tensile strain in a fastener 

30 system comprising the steps of: 

providing a fastener element (5) having an in- 
ternal bore (4), 

providing a non-deforming lever (1 5) having a 
35 pjvot (8,27,96,108) and being pivotable to the 

fastener element, 

positioning said non-deforming lever (15) with 
said pivot substantially within said fastener 
bore, one end of the lever resting upon an abut- 

40 ment surface and the other end adapted to pro- 

vide a visual indicator of the clamp load, so that 
said non-deforming lever is capable of moving 
in response to the elongation of said fastener, 
the movement of the non-deforming lever ef- 

45 fecting a display in the fastener thereby acting 

as a load or strain indicator. 

10. The method of claim 9, wherein said step of provid- 
ing an internal pivot comprises providing a cartridge 

50 (11) for supporting said internal pivot wherein said 
cartridge is capable of being entirely enclosed in 
said fastener. 

1 1 . The method of claim 9 or claim 1 0, further compris- 
55 jng the step of communicating said non-deforming 

lever (15) with a pneumatic tool, or a remote sensor. 

12. The method of claim 10, wherein said cartridge (11) 
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engages, partially engages, disengages or partially 
disengages said non-deforming lever (15) into or 
from said fastener element (5). 

1 3. The method of claim 1 2, wherein the step of engag- 5 
ing the non-deforming lever (15) into the fastener 
further includes calibrating said load indicator, said 
calibrating step comprises the step of engaging said 
lever In various lowering positions, thereby verifying 
the position of said lever relative to said display. 10 



Patentanspruche 

1. Vomchtung zum Zeigen einer optischen Darstel- 15 
lung einer fortlaufenden Klemmlast Oder Zugbela- 
stung in einem Befestigungselementsystem mit ei- 
nem Lasterfassungsbauteil, das an dem Befesti- 
gungselement angebracht ist und dazu ausgelegt 

ist, unter Last Oder Belastung mit einer Anschlag- 20 
flache am Befestigungselement zusammenzuwir- 
ken, wobei das Befestigungselement (5) eine In- 
nenbohrung (4) aufweist, das Lasterfassungsbau- 
teil im wesentlichen in der Innenbohrung (4) posi- 
tioned ist und ein Ende des Lasterfassungsbauteils 25 
eine optische Anzeigeeinrichtung vorsieht, 
dadurch gekennzeichnet, daft das Lasterfas- 
sungsbauteil einen sich nichtverformenden Hebel 
(15) aufweist, der mit dem Befestigungselement urn 
ein Gelenk (8, 27, 96, 108) schwenkbar verbunden 30 
ist, das in der Bohrung positioniert ist, so daft er auf 
eine Langung des Befestigungselements hin bei 
aufgebrachter Last Oder Belastung zu einer Rotati- 
on gedrangt wird, wobei ein Ende des Hebels an 
der Anschlagflache verbleibt und das andere Ende 35 
die Klemmlast in dem Befestigungselement (5) op- 
tisch anzeigt. 

2. Vomchtung nach Anspruch 1, welche Werkstoffe 

mit einem gleichen Warmeausdehnungskoeffizien- *o 
ten aufweist. 

3. Vomchtung nach Anspruch 1 oder 2 mit einer Hulse 
(11) zum Halten des Innengelenks, wodurch eine 
Drehung des starren Hebels (15) ermdglicht ist. 45 

4. Vomchtung nach Anspruch 3, bei welcherdie Hulse 
(11) einen Mechanismus zum in Eingriff Bringen, in 
teilweisen Eingriff Bringen des starren Hebels (15), 
Losen oder teilweisen Losen des starren Hebels so 
(15) in das bzw. aus dem Befestigungselement (5) 
aufweist. 

5. Vomchtung nach Anspruch 3 oder 4, bei der eine 
Anzeige (60) einen zur Beseitigung eines Kontakts 55 
zwischen dem starren Hebel (15) und dem Befesti- 
gungselement (5) erforderiichen Grad der Drehung 
der Hulse (11)angibt. 



6. Vorrichtung nach einem der Anspriiche 1 bis 5, die 
vollstandig in dem Befestigungselement einge- 
schiossen ist. 

7. Vorrichtung nach einem der Anspriiche 1 bis 6, die 
mit einem pneumatischen Werkzeug oder mit ei- 
nem entfernten Sensor in Verbindung steht. 

8. Vorrichtung nach einem der Anspriiche 1 bis 7, bei 
welcher der starre Hebel (15) zum Bewegen urn 
sein Gelenk mittels einer Feder (116, 125) gedrangt 
wird. 

9. Verfahren zum Zeigen einer optischen Darstellung 
einer fortlaufenden Klemmlast oder Zugbelastung 
in einem Befestigungselementsystem, wobei: 

ein Befestigungselement (5) mit einer Innen- 
bohrung (4) vorgesehen wird, 
ein sich nicht verformender Hebel (15) vorge- 
sehen wird, der ein Gelenk (8, 27, 96, 108) auf- 
weist und bezuglich eines Befestigungsele- 
ments verschwenkbar ist; 
der starre Hebel (115) mit seinem Gelenk im 
wesentlichen innerhalb der Befestigungsele- 
mentbohrung positioniert wird, wobei ein Ende 
des Hebels an einer Anschlagflache verbleibt 
und das andere Ende dazu ausgelegt ist, eine 
optische Anzeige fur die Klemmlast zu liefern, 
so dafi sich der starre Hebel auf die Langung 
des Befestigungselements hin bewegen kann, 
wobei die Bewegung des starren Hebels eine 
Anzeige in dem Befestigungselement bewirkt, 
der dadurch als Last- oder Belastungsanzeige- 
einrichtung wirkt. 

10. Verfahren nach Anspruch 9, bei dem mit dem Vor- 
sehen eines Innengelenks eine Hulse (11 ) zum Hal- 
ten des Innengelenks vorgesehen wird, wobei die 
Hulse vollstandig in dem Befestigungselement 
eingeschlossen werden kann. 

11. Verfahren nach Anspruch 9 oder 10, bei dem der 
starre Hebel (15) mit einem pneumatischen Werk- 
zeug oder einem entfernten Sensor in Verbindung 
gebracht wird. 

12. Verfahren nach Anspruch 10, bei welchem die Hul- 
se (11) den starren Hebel (15) in das Befestigungs- 
element (5) bzw. aus dem Befestigungselement (5) 
in Eingriff bringt, in teilweisen Eingriff bringt, lost 
oder teilweise lost. 

13. Verfahren nach Anspruch 12, bei dem beim in Ein- 
griff Bringen des starren Hebels in das Befesti- 
gungselement die Lastanzeigeeinrichtung kalibriert 
wird, wobei beim Kalibrieren der Hebel in verschie- 
denen Senkpositionen in Eingriff gebracht wird, wo- 
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durch die Position des Hebels relativ zur Anzeige 
verifiziert wird. 



Revendications 

1. Dispositif pour afficher une representation visuelle 
d'une charge de serrage ou d'une contrainte de 
traction progressive dans un systeme de fixation, 
comportant un element de detection de charge relie 
au dispositif de fixation et adapte pour co-agir sous 
ia charge ou la contrainte avec une surface de bu- 
tee situee sur !e dispositif de fixation, I'element de 
fixation (5) ayant un alesage interne (4), I'element 
de detection de charge etant positionne sensible- 
ment dans ledit alesage interne (4), une extremite 
de I'element de detection de charge fournissant des 
moyens formant indicateur visuel et, caracterise 
en ce que I'element de detection de charge com- 
port e un levier ne se deTormant pas (15) pouvant 
pivoter sur le dispositif de fixation autour d'un pivot 
(8, 27, 96, 108) positionne dans Palesage de ma- 
niere a etre repousse pour tourner en reponse a un 
allongement du dispositif de fixation sous une char- 
ge ou une contrainte appliquee, une extremite du 
levier venant en appui sur la surface de butee et 
I'autre extremite fournissant une indication visuelle 
de la charge de serrage exercee dans le dispositif 
de fixation (5). 

2. Dispositif selon la revendication 1 , dans lequel ledit 
dispositif est constitue de materiaux ayant un meme 
coefficient de dilatation thermique. 

3. Dispositif selon la revendication 1 ou 2, comportant 
de plus une cartouche (11) destinee a supporter le- 
dit pivot interne, en permettant ainsi une mise en 
rotation dudit levier ne se deformant pas (15). 

4. Dispositif selon la revendication 3, dans lequel la- 
dite cartouche (11) a un mecanisme pour venir en 
prise, venir partiellement en prise, libererou liberer 
partiellement ledit levier ne se deformant pas (15) 
dans ledit element de fixation (5) et a partir de celui- 
ci. 

5. Dispositif selon la revendication 3 ou 4, dans lequel 
un affichage (60) indique le degre de mise en rota- 
tion de ladite cartouche (11) necessaire a I'elimina- 
tion du contact entre ledit levier ne se deformant pas 
(15) et ledit element de fixation (5). 

6. Dispositif selon Tune quelconque des revendica- 
tions 1 a 5, dans lequel (edit dispositif est entiere- 
ment enferme dans ledit dispositif de fixation. 

7. Dispositif selon Tune quelconque des revendica- 
tions 1 a 6, dans lequel ledit dispositif communique 



avec un outil pneumatique, ou un capteur situe a 
distance. 

8. Dispositif selon Tune quelconque des revendica- 
5 tions 1 a 7, dans lequel le levier ne se deformant 

pas (15) est repousse pour se deplacer autour de 
son pivot par I'intermediaire d'un ressort (116, 125). 

9. Precede d'affichage d'une representation visuelle 
10 d'une charge de serrage ou d'une contrainte de 

traction progressive dans un systeme de fixation 
comportant les 6tapes consistant a : 

fournir un element de fixation (5) ayant un a!6- 
15 sage interne (4), 

agencer un levier ne se deformant pas (15) 
ayant un pivot (8, 27, 96, 108) et pouvant pivo- 
ter sur i'element de fixation, 
positionner ledit levier ne se deformant pas 
20 (15), ledit pivot etant sensiblement dans ledit 

alesage de dispositif de fixation, une premiere 
extremite du levier venant en appui sur une sur- 
face de butee et I'autre extremite etant adaptee 
pour fournir I'indicateur visuel de la charge de 
25 serrage, de sorte que ledit levier ne se defor- 

mant pas peut se deplacer en reponse a I'allon- 
gement dudit dispositif de fixation, le mouve- 
ment du levier ne se deformant pas effectuant 
un affichage dans le dispositif de fixation, agis- 
30 sant ainsi en tant qu'indicateur de charge ou de 

contrainte. 

10. Precede selon la revendication 9, dans lequel ladite 
etape consistant a fournir un pivot interne comporte 

35 la fourniture d'une cartouche (11) destinee a sup- 
porter ledit pivot interne, ladite cartouche pouvant 
§tre entierement enfermee dans ledit dispositif de 
fixation. 

40 11. Procede selon la revendication 9 ou 1 0, comportant 
de plus I'etape consistant a faire communiquer ledit 
levier ne se deformant pas (15) avec un outil pneu- 
matique ou un capteur situe a distance. 

45 12. Procede selon la revendication 10, dans lequel la- 
dite cartouche (11) met en prise, met partiellement 
en prise, libere ou libere partiellement ledit levier ne 
se deformant pas (15) dans ledit element de fixation 
(5) et a partir de celui-ci. 

50 

1 3. Procede selon la revendication 12, dans lequel I'eta- 
pe consistant a mettre en prise le levier ne se d6for- 
mant pas (15) dans le dispositif de fixation comporte 
de plus le calibrage dudit indicateur de charge, ladite 
55 etepe de calibrage 6tant constitute par I'etape con- 
sistant a mettre en prise ledit levier dans diverses 
positions d'abaissement, en verifiant ainsi la posi- 
tion dudit levier par rapport audit affichage. 
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